BACKGROUND/OBJECTIVES: Although benefits have been attributed to the Mediterranean diet, its effect on glycaemic control has not been totally elucidated. The aim of this work was to compare the effect of two Mediterranean diets versus a low-fat diet on several parameters and indices related to glycaemic control in type 2 diabetic subjects. SUBJECTS/METHODS: A multicentric parallel trial was conducted on 191 participants (77 men and 114 women) of the PREDIMED study in order to compare three dietary interventions: two Mediterranean diets supplemented with virgin olive oil (n ¼ 67; body mass index (BMI) ¼ 29.4 ± 2.9) or mixed nuts (n ¼ 74; BMI ¼ 30.1 ± 3.1) and a low-fat diet (n ¼ 50; BMI ¼ 29.8 ± 2.8). There were no drop-outs. Changes in body weight and waist circumference were determined. Insulin resistance was measured by HOMA-IR index, adiponectin/leptin and adiponectin/HOMA-R ratios after 1 year of follow-up. RESULTS: Increased values of adiponectin/leptin ratio (P ¼ 0.043, P ¼ 0.001 and Po0.001 for low-fat, olive oil and nut diets, respectively) and adiponectin/HOMA-IR ratio (P ¼ 0.061, P ¼ 0.027 and P ¼ 0.069 for low-fat, olive oil and nut diets, respectively) and decreased values of waist circumference (P ¼ 0.003, P ¼ 0.001 and P ¼ 0.001 for low-fat, olive oil and nut diets, respectively) were observed in the three groups. In both Mediterranean diet groups, but not in the low-fat diet group, this was associated with a significant reduction in body weight (P ¼ 0.347, P ¼ 0.003 and P ¼ 0.021 for low-fat, olive oil and nut diets, respectively). CONCLUSIONS: Mediterranean diets supplemented with virgin olive oil or nuts reduced total body weight and improved glucose metabolism to the same extent as the usually recommended low-fat diet.
INTRODUCTION
Epidemiological studies have observed increased longevity and reduced morbidity in Mediterranean countries compared with the USA or northern Europe. 1 These health benefits have largely been attributed to the traditional Mediterranean dietary pattern.
The traditional Mediterranean diet refers to a specific food consumption pattern followed by people in the different countries bordering the Mediterranean Sea in the early 1960s, which in general is characterized by a high consumption of fruits, vegetables, legumes, nuts and whole cereals, with a moderate consumption of fish, the consumption of olive oil as the main source of culinary fat and a low-to-moderate amount of red wine during meals. 2 The Mediterranean diet pattern is rich in fibre and vegetable fat, low in saturated and transfatty acids and moderate in total alcohol. In addition, its high ratio of monounsaturated fatty acid to saturated fatty acid content has been hypothesized to be on the basis of its well-known protective effect on cardiovascular disease [3] [4] [5] [6] and hypercholesterolaemia. 7, 8 Also, growing evidence has demonstrated that the Mediterranean diet can be beneficial in the prevention and treatment of type 2 diabetes mellitus and other chronic pathologies. [9] [10] [11] [12] Several observational and interventional studies 11, 13, 14 have associated the Mediterranean dietary pattern to lower levels of glucose in plasma and to an improvement in insulin sensitivity. 15 Nevertheless, adoption of the Mediterranean diet as a tool for the improvement of type 2 diabetes needs further investigation.
The aim of the present study was to compare the effects of two Mediterranean diets, supplemented with virgin olive oil or mixed nuts, and a low-fat diet on several parameters and indices related to glycaemic control in type 2 diabetic participants. The reason for testing these two Mediterranean diets was that different effects of both dietary interventions could be observed. This hypothesis is based on two facts: the saturation degree of fatty acids and the type of polyphenol affect glycaemic control and the existence of clear differences in terms of fatty acid and polyphenol profiles between olive oil and nuts.
SUBJECTS AND METHODS Participants
This study was a post hoc analysis of the larger PREDIMED study, a parallelgroup, multicentric, randomized, controlled clinical trial aiming to assess the effects of two traditional Mediterranean diets enriched with virgin olive oil or mixed nuts on the primary prevention of cardiovascular disease, compared with a control low-fat diet. Full details of the study protocol have been published elsewhere. 16 In the present study we conducted a longitudinal assessment of 191 consecutively recruited participants from the PREDIMED trial centres of 1 Reus (Hospital San Joan) and Barcelona (Hospital Clinic). Participants were community-dwelling men (77) aged 55-80 years and women (114) aged 60-80 years. There were no drop-outs because the study was carried out on participants for whom data at baseline and after 1 year of follow-up were available.
At baseline, participants were free of cardiovascular disease; they showed type 2 diabetes (based on the American Diabetes Association criteria 17 ) and also met at least two of the following coronary heart disease risk factors, hypertension (blood pressure140/90 mmHg or treatment with antihypertensive drugs), low-density lipoprotein cholesterol level X160 mg/dl or treatment with hypolipidemic drugs), high-density lipoprotein cholesterol level of p40 mg/dl in men or p50 mg/dl in women, body mass index X25 kg/m 2 or family history of premature cardiovascular disease. The participants followed oral anti-diabetic treatments. Exclusion criteria included previous history of CVD (that is, a previous medical diagnosis of coronary heart disease, stroke or peripheral artery disease), any severe chronic illness, immunodeficiency or human immunodeficiency virus (HIV)-positive status, drug or alcohol addiction, history of allergy or intolerance to olive oil or nuts, or a low predicted likelihood of changing dietary habits according to Prochaska and DiClemente's stages-of-change model. 18 For the present study we also excluded those patients showing leukocytosis (11.0 Â 10 9 /l) at baseline, taking anti-inflammatory medications, or undergoing insulin treatment.
Participants were assigned to three interventions: a Mediterranean diet supplemented with virgin olive oil, a Mediterranean diet supplemented with mixed nuts, or a low-fat diet. Both Mediterranean diet groups received intensive education to follow a Mediterranean diet-(1) abundant use of olive oil for cooking and dressing; (2) increased consumption of fruits, vegetables, legumes and fish; (3) reduction in total meat consumption, recommending white meat instead of red or processed meat; (4) preparation of home-made sauce with tomato, garlic, onion and spices with olive oil to dress vegetables, pasta, rice and other dishes; (5) avoidance of butter, cream, fast food, sweets, pastries and sugar-sweetened beverages; and (6) in alcohol drinkers, moderate consumption of red wine-and received periodically, free of cost, virgin olive oil (1 l/week) or 30 g/d of mixed nuts (15 g walnuts, 7.5 g hazelnuts, 7.5 g almonds). Participants in the control group were advised to follow a low-fat diet.
The study was approved by the respective Ethical Review Board of the participant centres and complied with the Helsinki declaration. The study was registered in the Current Controlled Trials, London (http://www. controlled-trials.com/ISRCTN35739639). All subjects agreed to participate in the study and gave their informed consent.
Measurements
Information on subjects' medical history and use of medication was obtained. In order to assess energy intake at baseline and after 1-year follow-up, participants were assessed by means of a 137-item food frequency questionnaire to estimate the average daily nutrient intake over the previous 12-month period. Detailed information regarding the development of food frequency questionnaire and the reproducibility and validity of the questionnaire has been previously reported. 19 We estimated energy intake by multiplying the frequency of consumption of each food by the nutrient content estimated using Spanish food composition tables. Physical activity was evaluated using the validated Spanish version of the Minnesota leisure time physical activity questionnaire. 20 Height and weight were measured by trained staff with the participants wearing light clothing and no shoes. Body mass index was calculated as the weight (kg) divided by the square of the height (m). Waist circumference was measured midway between the lowest rib and the iliac crest while participants were standing.
Centralized laboratory biochemical analyses were performed on blood samples obtained under fasting conditions at baseline and after 1-year follow-up. Plasma concentrations of adiponectin, visfatin, leptin, tumour necrosis factor-a (TNFa), resistin, glucagon-like peptide 1 (GLP-1) and glucose-dependent insulinotropic polypeptide (GIP) were determined by using the Bio-Plex cytokine assay (Bio-Rad Laboratories Inc., Hercules, CA, USA), according to the manufacturer's instructions. Insulin resistance was assessed by the homeostasis-assessment model (HOMA-IR). 21 Also, adiponectin/leptin, 22 
Statistical analysis
Results are presented as mean and s.d. Chi-square tests and one-way analysis of variance were employed to compare qualitative traits and means of quantitative variables, respectively. The Tukey post hoc test was used for multiple comparisons among groups. Variables with skewed distribution were logarithmically transformed to obtain a more symmetrical distribution. Differences in the study variables before and after the diet intervention programme were analysed by paired-samples Student's t-test. Analysis of covariance, adjusted for potential confounding variables (sex, age, physical activity, weight change and each variable at baseline), was used to test any difference between groups. Significant differences were considered at Po0.05. Statistical analysis was performed using IBM SPSS Statistics 19.0 (SPSS Inc., Chicago, IL, USA). Table 1 summarizes the descriptive characteristics of the study subjects. No significant differences were observed among the three groups. Energy intake at 1-year follow-up was significantly greater in subjects in the Mediterranean diet groups than in subjects in the low-fat diet group (Table 2) . No significant differences were observed between the olive oil diet group and the nuts diet group. As far as macronutrients are concerned, carbohydrate intake was similar in the three intervention groups, but protein and lipid intakes were significantly lower in participants from the low-fat diet group than in participants from the Mediterranean diet groups. Saturated fatty acid intake was significantly lower in the low-fat diet group. With regard to unsaturated fatty acids, both monounsaturated and polyunsaturated fatty acid intakes were significantly greater in the Mediterranean diet groups. When the type of food consumed was analysed, significant differences were found in vegetables, fruits, dairy products and obviously in olive oil and nuts. Finally, alcohol intake was similar in the three intervention groups (Table 2) . No relevant diet-related adverse effects were reported. No differences were observed between intervention groups in terms of physical activity (Table 3) . Table 4 summarizes values concerning parameters and indices related to glycaemic control before and after 1 year of follow-up. Although HOMA-IR was not modified by dietary interventions, other indices related to glycaemic control were changed. Thus, the adiponectin/leptin ratio was significantly increased in the three experimental groups. This change was due to increased values of plasma adiponectin concentrations, without modifications in plasma leptin concentrations. A/HOMA-IR was significantly increased in the olive oil diet group, and a trend was observed in the nuts diet (P ¼ 0.069) and low-fat diet (P ¼ 0.061) groups. Plasma concentrations of visfatin, resistin, GIP and GLP-1 were not modified by dietary interventions. TNFa concentration was significantly increased in the low-fat diet group. Table 5a shows data on body weight and body mass index and Table 5b shows waist circumference values before and after 1-year follow-up. Body weight was significantly reduced in the Mediterranean diet groups but not in the low-fat diet group. Waist circumference was presented in men and women because the criteria for abdominal obesity are sex specific. This parameter was significantly reduced in women from the three groups and in men from the olive-oil-enriched Mediterranean diet group.
RESULTS

DISCUSSION
As explained in the introduction, the aim of the present study was to compare the effect of two Mediterranean diets, supplemented with virgin olive oil or mixed nuts, and a low-fat diet on several parameters and indices related to glycaemic control in type 2 diabetic patients.
It is well known that several cytokines are involved in glycaemic control. Adiponectin, the most abundant cytokine secreted by adipose tissue, is a key regulator of insulin sensitivity, 24, 25 and low serum levels have been associated with a higher risk for diabetes and metabolic syndrome. [26] [27] [28] On the other hand, high serum concentrations of leptin, a regulator of body fat, are strongly associated with metabolic syndrome, probably because of its close relationship with body-fat content. 25, 28, 29 Because both adipokines contribute to several components of metabolic syndrome individually, and usually in an opposite manner, various studies have analysed the usefulness of the adiponectin/leptin (or L/A) ratio, and they have concluded that it may be a better marker for insulin resistance than these cytokines individually. 24, [30] [31] [32] [33] In the present study adiponectin was significantly increased in the three dietary intervention groups, but leptin remained unchanged. Consequently, the adiponectin/leptin ratio was significantly increased in all the intervention groups, suggesting that the three dietary strategies led to a comparable improvement in glycaemic control. 
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More recently, the adiponectin to homeostasis model assessment of insulin resistance (A/HOMA-IR) has emerged as a powerful index of insulin resistance. 34, 35 In our study, the A/HOMA-IR ratio significantly increased in the olive oil diet group, and a tendency towards increased values was observed both in the nut-supplemented diet and in the low-fat diet group (P ¼ 0.061 and 0.069, respectively). These results suggest an ameliorated glycaemic control, mainly in the olive oil diet group.
Waist circumference, rather than body mass index, has been reported to be most specifically associated with glycaemic control. 36 In the present study, the three dietary treatments led to a reduction in central fat mass, as shown by the waist circumference values. This effect was particularly relevant in the case of female patients, because in the three dietary groups the decrease reached statistical significance. In the case of the Mediterranean diets, but not in the low-fat diet, this decrease resulted in a significant reduction in body weight.
The decrease in waist circumference observed in the group that followed the low-fat diet was quite expectable because the reduction in dietary fat usually leads to a decrease in energy intake. In fact, in the present study this reduction was confirmed. The response in the subjects who followed the Mediterranean diets could be more difficult to justify, considering that they showed greater energy intake but similar physical activity. Nevertheless, the literature contains data that can justify this fact. Several studies have demonstrated that the type of fat is more important than the amount of fat in terms of body weight and adiposity. 36 Thus, unsaturated fatty acid can increase fatty acid oxidation and energy expenditure.
37-39
The present results show that, in general terms, the improvement in parameters related to glycaemic control is similar in participants who followed the Mediterranean diets than in participants who followed the low-fat diet. This could be justified, at least in part, by the profile of fatty acid intake in these groups. In the low-fat diet group the reduced intake of saturated fatty acids could be involved in the improvement in glycaemic control, because it has been reported that saturated fatty acids have negative effects on insulin sensitivity. 40 In the case of the Mediterrenean diet groups the improvement in glycaemic control, despite a greater intake of saturated fatty acids, could be related to the increased intake of monounsaturated or polyunsaturated fatty acids because it has also been reported that the two types of unsaturated fatty acids lead to improved insulin sensitivity. 40 It has been reported that serum adiponectin values show a good inverse correlation with body weight, and more specifically with body fat. [41] [42] [43] In the present study the reduction in waist circumference was similar in the three dietary groups. Also, the increase in serum adiponectin was similar in the three groups. It is likely that the reduction in abdominal fat was involved in the improvement in glycaemic control. This could provide another explanation to the fact that both the low-fat diet and the Mediterranean diets induced similar improvements in glycaemic control.
Taking into account that participants in the Mediterranean diets groups showed greater intake of fat compared with participants in the low-fat diet group, and considering that a greater amount of fat in the diet makes it more palatable, 44 it could be hypothesized that Mediterranean diets could be easier to follow, and this could represent an advantage when compared with the low-fat diet. In fact, the most successful nutritional strategy for both prevention and treatment of diabetes is one that the patient can adapt and follow permanently. Diets that differ much from habitual food patterns in the proportion of macronutrients also cannot be recommended for chronic disease prevention because of low long-term compliance.
This study has strengths and limitations. One limitation is that it was carried out in type 2 diabetic patients showing overweight or obesity and thus the results cannot be extrapolated to other population groups. The study was not a randomized one and the sample size for each dietary intervention could be greater. Moreover, probably a low-fat diet is not the best control intervention for a study focussed on glycaemic control, but this experimental design was inherited from the PREDIMED study, which had as the primary aim cardiovascular disease prevention. The major strength is that a wide panel of adipokines and related molecules involved in glucose metabolism was measured.
Taking together, the results obtained in the present study show that Mediterranean diets, supplemented with virgin olive oil or nuts, are as efficient as a low-fat diet for reducing abdominal fat and improving parameters related to glycaemic control. 
